Abstract. Taking single-boat trawling fishing in West Africa as the research object and maintaining the breaking strength of the original netting gear as the standard, we used medium-and high-molecular-weight materials to replace common polyethylene material in producing the trawl model. Test results showed that, under the same test conditions, the resistance of medium-and high-molecular-weight material trawls decreased by 16.80% compared with that of most of the common polyethylene material trawls. The maximum difference in the height of the net opening between the two material trawls was approximately 2.3 m. The energy consumption coefficient decreased by 23.65%.
Introduction
Marine fishing-trawling boats in China account for 18% of all marine fishing power-driven vessels, 25% of total power, and 48% of marine fishing yield [1] of the country. Thus, trawl fishing is significant in marine fishing in China. At present, energy saving and cost reduction are advocated. Meanwhile, the energy-saving and cost-reducing properties of netting gear are mainly evaluated based on overall resistance, height of net opening, energy consumption coefficient, power consumption [2] [3] [4] , and other aspects. Currently, braided twines and other materials have been widely applied in trawl fishing abroad [5] [6] [7] [8] [9] . Mediumand high-molecular-weight polyethylene netting twines (new material) were used to replace common polyethylene netting twine (common material) to produce trawls that maintain the breaking strength of the original netting gear. The overall resistance, height of net opening, energy consumption coefficient, and power consumption of the two materials were compared to provide references for relevant studies on trawl fishing gear that promotes energy saving and cost reduction.
Materials and methods

Test instruments and equipment
The trawl model test was conducted in a fishing gear model test stilling basin with dimensions of 90 m × 6 m × 3 m. The power of the trailer drive motor was 7.5 kW × 4. The trawling speed range was 0.1-4 m/s. The microprocessor speed of the governing system had a uniform velocity of P ≤ 1%. The tachymeter was a light electric tachometer with accuracy of ±0.01%. The measuring range of the force sensor was 100 N with nonlinear error of 0.4% F.S.C. The net height meter was an FE-6300 type net position depth sounder with range resolution of 30 mm.
Physical and model nets
The physical prototype netting gear was produced by Weihai Haoyuntong Netting Gear Technology Co. Ltd. for single-boat trawling fishing in West Africa. The detailed parameters of the physical netting gear were as follows: The total length of the netting gear was 118 m, the net opening perimeter was 280 m, the headline length was 61.92 m, the footline length was 80.25 m, the number of net opening meshes was 56 with size of 5,000 mm, the buoyancy force was 6,066 N, the equipped sinking force was 9,330 N, and the length of the empty line was 100 m. With the criteria of maintaining the breaking strength of the original netting gear and having a "similar field" of application of the new material used to replace common material, the specification of the netting gear, size of the meshes, buoyancy force and equipped sinking force, rope accessories, and other parameters were all unchanged. According to the criteria for the prototype nets of the two types of netting twine materials in SC/T4014-1997 "Preparation of Trawl Model," two model nets were produced. The large-scale ratio of the two model nets was 20 and the small-scale ratio was 9.
Test methods
The breaking and knot-breaking strengths of the samples of each specification were measured for the common polyethylene netting twines and the new material netting twines for replacement used in prototype netting gear. The model net was tested and processed according to the criteria and data in the SC/T4011-1995 Basin Test Methods of Trawl Model [10] . The model test simulated the empty line, with the end of the line used as the tow point and the test trawling speeds divided into seven grades with the range of 2.5-5.5 kn. Every 0.5 kn was taken as a grade, and 0.35, 0.40, and 0.45 were taken as the three grades of the horizontal expansion of the model netting gear L/S (ratio of wingtip spacing and length of footline).
Conversion relation between physical and model test data
The mechanical proportional relation between physical and model net stresses was expressed as follows: F1 = F2·λ2·λ′. (1) The conversion relation between physical and model heights of the net opening was expressed as follows: H1 = H2·λ.
(2) In Formulas (1) and (2), λ is the large scale ratio, λ′ is the small-scale ratio, F1 is the physical net stress, F2 is the model net stress, H1 is the physical height of the net opening, and H2 is the model height of the net opening.
The calculation formula of the physical net energy consumption coefficient was expressed as Ce = 3.472 . The formula for calculating the value of the physical power consumption of the simulated part of the trawl under each set trawling speed was expressed as P = FV. (4) In Formula (4), P (kW) is the consumption power of the physical net under a certain set trawling speed, F (kN) is the calculated resistance of the physical net under the trawling speed, and V (m/s) is the trawling speed of the physical net.
Results and analysis
Resistance of netting gear
Under the same test conditions, with the horizontal expansion L/S of 0.35, 0.40, and 0.45, the resistance rates of the two netting gears are shown in Figure 1 . Figure 1 shows that the resistance of the netting gears increased continuously with the increase in trawling speed. The resistance of trawls of the common and new materials differed under various horizontal expansion conditions. In addition, given the same speed, the resistance was large when the horizontal expansion was large. Figure 1 also shows that, given the same speed and horizontal expansion, the resistance of trawls of the common material was larger than that of the new material. When L/S = 0.35 and trawling speed was 2.5 kn, the resistance rates of the common and new materials were 35.23 and 33.09 kN, respectively, with a difference of 6.06%. With the increase in L/S and trawling speed, the resistance of the common material trawls increased continuously and was greater than that of the new material trawls. When L/S = 0.45 and the trawling speed was 5 kn, the resistance of the common material was 16.80% more than that of the new material.
Height of net opening
When the horizontal expansion L/S was 0.35, 0.40, and 0.45, the results of the physical calculated height of the net opening of the two trawl models under different trawling speeds are presented in Figure 2 . Figure 2 shows that the height of the net opening of the two trawl models exhibited a declining trend with the increase in trawling speed. When the trawling speeds were the same, the height of the net opening of the two trawl models decreased with the increase in L/S. When EITCE 2017 L/S of the two trawl models was the same, the height of the net opening of the netting gear of common material was lower than that of the new material under the same trawling speed. When L/S was 0.45 and the trawling speed was 5 kn, the height of the net opening of the new material was 2.3 m higher than that of the common material and increased by 24% compared with that of the common material. Studies on trawl-fishing gear model test hold that the main factors influencing the height of the net opening are perimeter of strained net opening, buoyancy force and equipped sinking force, netting resistance, length of empty line, length of netting wing, and horizontal expansion of netting gear [11] . However, the two trawl models compared in this test were the same, except for the material, thereby indicating that the net opening vertical expansion of the new material netting gear was better than that of the common material netting gear.
Energy consumption coefficient
The net is a mobile filter that filters the water body for fishing objects during sweeping in the sea and consumes energy during the dragging process. Therefore, based on the assumption that the fishing objects are evenly distributed in the water, a better method to describe fishing efficiency is used to express the values of the energy consumed by the trawl to filter a unit of water body [12] . The energy consumption coefficients of the two trawl models of different materials are shown in Table 1 . The results indicate that under the same conditions, the energy consumption coefficient of the new material was lower than that of the common material. In other words, when filtering the same volume of water body, the energy consumed by the new material trawl is smaller than that of the common material trawl. When L/S was 0.45 and the trawling speed was 3.5 kn, the energy consumption of the new material was reduced by 23.65% compared with that of the common material. approximately 12% of the total rated power can be normally applied to the simulated part of the netting gear in the model test [13] [14] [15] . 
Power consumption
Conclusion
Based on energy saving and cost reduction as the permanent theme, the new material trawl was used to replace the common material trawl. Although the theoretical calculation of saved fuel oil volume cannot be used to precisely measure the saved fuel oil volume in practical production, the experimental results showed that the new material can reduce the netting gear resistance and improve the height of the net opening in netting gear application. In other words, the sweeping area in the sea increased and the resistance decreased, thereby reducing the fuel oil consumption and achieving energy saving and cost reduction to a certain extent.
